We derived elemental abundances in 27 Cepheids, the great majority situated within a zone of Galactocentric distances ranging from 5 to 7 kpc. One star of our sample, SU Sct, has a Galactocentric distance of about 3 kpc, and thus falls in a poorly investigated region of the inner thin disc. Our new results, combined with data on abundances in the very central part of our Galaxy taken from literature, show that iron, magnesium, silicon, sulfur, calcium and titanium LTE abundance radial distributions, as well as NLTE distribution of oxygen reveal a plateau-like structure or even positive abundance gradient in the region extending from the Galactic center to about 5 kpc.
INTRODUCTION
In our series of papers (Andrievsky et al. 2002a , Andrievsky et al. 2002b , Andrievsky et al. 2002c , Andrievsky et al. 2004 , Luck et al. 2003 , Luck et al. 2006 we presented the radial elemental distributions over a wide interval of Galactocentric distances based on high-resolution spectroscopic data of a large sample of Cepheids (thin disc population). Indeed, we succeeded in covering more than 10 kpc in radial direction from about 4 to 16 kpc. A gradual increase of elemental abundance as distance decreases was confirmed for many chemical elements. In particular, Andrievsky et al. (2002b) used a limited number of Cepheid stars to find the properties of the metallicity distribution in the inner part of the Galactic disc. The number of studied stars with Galactocentric distances less than 6 kpc at that time was only five, but almost all chemical elements investigated in those stars showed clearly increased abundances comparing to the Cepheids from the solar vicinity (R⊙ ≈ 8.0 kpc).
Recently Genovali et al. (2013) presented probably the most comprehensive compilation of data on metallicity distribution obtained from Cepheids in the Galactic inner disc (with Galactocentric distances 4.6 kpc). That paper contains the corresponding references on relevant studies, and will not be repeated here.
The increased sophistication of observing techniques in the recent decade allows us to obtain high-resolution stellar spectra near the very center of our Galaxy. This is often achieved by using the far-and near-IR domains of the electromagnetic spectrum where absorption is much less than in the visual region. Ryde & Schultheis (2015) summarize all the results for Galactic center abundances obtained up to now.
The general picture of the metallicity distribution in the inner part of the Galactic disc can be drawn from all of these studies: the metallicity of the thin disc gradually increases toward the Galactic center, and reaches about [Fe/H] ≈ +0.5 at RG ≈ 4 kpc. The region of the thin disc between this distance and the immediate Galactic center still remains poorly sampled, and the spatial properties of the metallicity distribution in this domain are not known. Filling in this gap would have a certain interest for the Galactic chemical evolution models.
In this paper we present abundances for stars which are mainly situated in the region 5-7 kpc, with one Cepheid located in the critical region at about 3 kpc. Observational details are given in the next Section. Stellar atmosphere parameters relevant to our study are brifely discussed in Section 3. Abundance measurements and their radial distribution are presented in Section 4 and 5, respectively. Section 6 summarizes our results and conclusions.
OBSERVATIONS AND DATA REDUCTION
The observations were carried out with 3.6 m CanadaFrance-Hawaii Telescope (CFHT), the Very Large Telescope (VLT) Unit 2 Kueyen, and the 2.2 m MPG Telescope.
CFHT. The observations were carried out under the queue observing mode using the fiber-fed ESPaDOnS echelle spectrograph equipped with an e2v 2048 x 4608 CCD (binned 1 x 1). The resolving power provided by this combination was about 80000 and the spectral range extended from 370 to 1050 nm. The spectra were processed by the CFHT ESPaDOnS pipeline. The estimated S/N ratio at the continuum level depends upon the wavelength interval, and varies for each star in the range from about 80 to 100.
VLT. For data obtained with the VLT (observing run 089.D-0489), the red arm of the UVES cross-dispersed echelle spectrograph was used. With the red arm, the wavelength region between 420 nm and 1100 nm can be scanned. The grating angle was set at 22.668 degrees thus allowing to cover a wavelength interval between 479 nm and 681 nm. The light is dispersed over two CCD chips, with a gap between 576 nm and 583 nm. The slit was set at 1 ′′ width and 12
′′ length, yielding a resolution of 38700. The median SNR for the upper and lower chip spectra are ≈50 and ≈14, respectively but with a relatively large range: from ≈32 to ≈56 for the upper, and from ≈11 to ≈40 for the lower chip.
ESO/MPGT. For data taken with the ESO/MPG 2.2 m telescope, the FEROS spectrograph was used (Kaufer et al. 1999) . The instrument has a wavelength coverage from ≈350 nm to ≈920 nm, and a resolving power of 48000. The typical SNR ratio of our spectra is ≈ 90. Each night a broad-line B star was observed with a SNR exceeding that of the program stars, in order to enable cancellation of the telluric lines when necessary. Table 1 contains details on our observations of Cepheids for this study, as well as some information about the physical properties of the Cepheids themselves (see next Section).
The processing of spectra (continuum level determination, equivalent widths measurements etc.) was carried out by using the DECH20 software package (Galazutdinov 1992) . The line-list is the same as used in our previous studies (see Kovtyukh & Andrievsky 1999) .
STELLAR ATMOSPHERE PARAMETERS
The effective temperature (T eff ) for the stars in our program was estimated by calibrating the ratios of the central depths of the lines with different potentials of the lower levels (see Kovtyukh 2007) . The surface gravity values were computed using the iron ionization balance. The microturbulent velocity was found by avoiding any dependence between the iron abundance as produced by individual Fe II lines and their equivalent widths. The resulting atmosphere parameters for the studied stars are listed in Table 1 . Tables 2 and 3 (with an exception for oxygen, sulfur and barium) were derived in the LTE approximation in order to be consistent with our previous abundance determinations in Cepheids. For this we used the ATLAS9 code (Kurucz 1992) to generate the appropriate atmosphere models, and Kurucz's WIDTH9 code to analyze the equivalent widths. The reference solar abundances were taken from Grevesse & Sauval (1998) .
SPECTROSCOPIC ANALYSIS

All abundances listed in
Expected errors in abundances caused by variations in the fundamental stellar parameters are presented in Table  4 for our critical object SU Sct. The total abundance error was obtained by increasing the temperature by 100 K, surface gravity by 0.2 dex and microturbulent velocity by 0.5 km s −1 . Decreasing these parameters by similar values will produce almost the same errors.
Our sample includes several stars in common with the studies of Genovali et al. (2014) and . In Table 5 we compare our iron abundance measurements with those of the above studies. Generally, there is reasonable agreement between these independent results.
An exception in this paper was made for oxygen and barium whose NLTE abundances for a large sample of Cepheids were previously derived by us . In those papers the reader can find all the details concerning the method of the NLTE calculations and applied atomic models of oxygen and barium. For sulfur we present both LTE and NLTE abundances. The NLTE sulfur atomic model used for the NLTE analysis was described by Korotin (2009) .
In the next section we present the radial abundance distributions for some chemical elements. The distances for the stars of the present sample were found in the same way as in Andrievsky et al. (2002a) . For three stars of our program the E(B-V) values, which are necessary to estimate the heliocentric distances, are not available in the literature (the stars V5567 Sgr, ASAS 171305-4323, and BD-04 4569). Therefore they were derived by us using the correlation between the diffuse interstellar band (DIB) equivalent widths measured in their spectra and E(B-V) indices as proposed by Friedman et al. (2011) . For this we used the interstellar features at 5780.5, 5797.1 and 6613.6Å. To remove the stellar lines from the DIB region before the equivalent width measurement, we used a synthetic spectrum technique. The accuracy of the E(B-V) values determined by this method is approximately 10-15%.
For the star SU Sct, which has the smallest Galactocentric distance in our sample, we compared our estimate of the E(B-V) to the literature value provided by Ngeow (2012) , who applied the Wesenheit function in deriving distances to Galactic Cepheids. According to this method, the heliocentric distance of SU Sct is 6.62 kpc, that gives RG = 3.04 kpc, in good agreement with our value listed in Table 1 . Fernie et al. (1995) with the systematic correction of Fouqué et al. (2007) applied (factor 0.952). These reddening values are on the E(B-V) scale by Laney et al. (2007) . Note that for some stars the reddening values were found using a special method (see Sect. 4).
RESULTS AND DISCUSSION
In Fig. 1 we show the iron abundance distribution of Galactic Cepheids from our previous studies and the present sample together with the Galactic center abundances. The Cepheids of our program cover a similar pulsation period range as the stars included in our previous samples; thus they share a similar age range. Following the period-age relation for classical Cepheids as proposed by Bono et al. (2005) , the age range of the Cepheids in our sample is roughly 20-70 Myr. The average iron abundance at the Galactic Center from literature presented in Fig. 1 was mostly determined from stars covering a larger age range, that is from members of the Arches/Quintuplet clusters (∼ 3 -9 Myr) to field stars of ∼ 1Gyr. For iron and other elements, the absolute abundances derived by other authors were normalized to the solar abundances from Grevesse & Sauval (1998) .
As explained earlier, one of our stars (SU Sct) in the critical region between the central part and 5 kpc gives some reason to believe that the iron content in the Galactic thin disc young population stars (in Cepheids, in particular) does not exceed the value of about +0.4 dex if we use our homogeneous data, or +0.5 when using the compilation data of Genovali et al. (2013) . After reaching the value of [Fe/H] = +0.4 dex at about 5 kpc the metallicity tends to slightly decrease in the direction of the Galactic center. Figure 1 . LTE iron abundance distribution in Galactic disc. Black circles -our previous determinations published in a series of papers mentioned in the Introduction. Red circles -present sample. For SU Sct we show the typical for Cepheids the iron abundance uncertainty (2σ), and 10% uncertainty in the distance. The Galactic center iron abundance is a mean value calculated from the individual star abundances published by Carr et al. (2000) , Ramirez et al. (2000) , Cunha et al. (2007) , Davies et al. (2009) and Ryde & Schultheis (2015) . The 2σ interval is showed for this data point.
Similar trends can also be seen for such elements as magnesium, silicon, sulfur, calcium and titanium, whose abundances in the Galactic center nowadays are known (Fig. 2). Despite the fact that abundances of these elements were derived in LTE, we believe that the general tendency noticed for iron, and also seen for these α-elements, will not change qualitatively after the applying the NLTE corrections (in particular, this conclusion is supported by our result for sulfur, where we show both LTE and NLTE abundances for the present sample of stars).
As one can see, the iron and α-elements demonstrate a clear plateau in their abundance distributions, or even positive gradient value in the region from the Galactic center to about 5 kpc. This is also clearly seen in our fully NLTE abundance distribution of the oxygen (see Fig. 3 ). Similar to iron, the highest oxygen abundance in the thin disc is achieved at about 4-5 kpc at a value of about +0.4 dex. Figures 2 and 3 show that there is no overabundance of the oxygen and α-elements with respect to iron, in agreement with what is expected for thin disc stars.
It is also interesting to note that in contrast with elements discussed above, barium, which is mainly produced by low mass AGB stars, does not display any remarkable trend with the Galactocentric distance neither in the outer or in the inner part of the Galactic disc, as shown in Fig. 4 . Bronfman et al. (1988) derived the mean radial distribution of molecular clouds in Galactic disc, and found that the highest density of interstellar gas is observed in the Galactocentric distance range of 4 to 8 kpc with a maximum value at about 5-6 kpc. At the distance of about 3-4 kpc there is an abrupt drop in the gas surface density. The same result follows from the papers of Sanders, Solomon & Scoville (1984) and Dame (1993) . If a lower gas density causes a decrease in the star formation rate in the region with Galactocentric distance less than 4 kpc, then the chemical enrichment of interstellar matter from SNe will not be effective in this region. This should be imprinted on the derived abundances of the young population stars within the Galactic bar, whose influence on the chemical properties of the inner part of our Galaxy must be strong. Existing theoretical models that deal with the inner part of the Galaxy do not reproduce these observed trends in the central part (0-6 kpc) quite correctly, although some of them take into account the radial gas flow, as well as the bar influence on the chemistry of the inner disc. Nevertheless, the general improvement seen with those models seems to be clear. This is demonstrated by the oxygen and iron plots in Fig. 5 .
CONCLUSIONS AND FINAL REMARKS.
We derived abundances of 29 elements in 27 Cepheids located mainly within 5-7 kpc from Galactic center, with one star SU Sct situated in a poorly sampled region of the thin disc between 4 kpc and the Galactic center. We found that in the inner region of our Galaxy the abundance distributions of oxygen, some α-elements and iron show a plateau-like structure, or even positive slope. Despite the small number of data points within 4 kpc, this finding may have significant impact on the Galactic chemical evolution models that include the Galactic bar, and its influence on radial gas flows. Future observing programs aiming at obtaining additional high-resolution spectra of faint Cepheids located within the 0 -4 kpc zone in the Galaxy disc would be very valuable. 
and Ryde & Schultheis (2015) . The Galactic center abundance of sulfur is not available, but we show this element together with other α-element abundance distributions. 
